The Naval Research Laboratory is currently investigating gyro-amplifiers as high power, broadband sources for millimeter wave radars. A three-cavity Kaband gyroklystron achieved 225 kW peak output power with 0.82% bandwidth. At W-band, several multi-cavity gyro-amplifiers have been experimentally demonstrated. A four-cavity gyroklystron amplifier has achieved 84 kW peak output power at 34% efficiency with 370 MHz bandwidth. A five-cavity gyroklystron demonstrated 72 kW peak output power with 410 MHz bandwidth and 50 dB saturated gain. For applications requiring greater bandwidth, gyrotwystron amplifiers are also under study.
KA-BAND GYROKLYSTRON EXPERIMENTS
In the three-cavity Ka-band gyroklystron amplifier experiment an electron beam of up to 12 A is produced from a thermionic, double anode magnetron injection gun by applying voltages of 65-75 kV. The magnetic field at the cathode can be varied with the gun coils to control the beam velocity ratio, a (vl/vL). The beam is adiabatically compressed as it enters the region of high magnetic field (approx. 13 kG) generated by the 14 coil superconducting magnet. The three cavities of the gyroklystron circuit are positioned in the region of constant magnetic field. Each cavity operates in the TE,,, cylindrical waveguide mode. A, a magnetic field of 13.1 kG and a pulse width of 2 ps. The beam velocity ratio a was determined to be 1.27 f 0.05 using a capacitive probe placed just upstream of the input cavity. Additional enhancements in bandwidth were achieved with magnetic field adjustments and changes in beam voltage and current, at the expense of output power. For example, raising the voltage to 73.10 kV and the nominal magnetic field to 13.40 kG produced a -3 dB bandwidth of 0.94% but with a lower peak output power of 200 kW (shown in Fig. 1 ). The beam current was 10 A, and the efficiency was 27.5% for this case. Detailed studies of how the bandwidth varies with operating parameters, along with comparisons to theory is summarised in [ 13. In general, the measured bandwidth of the three-cavity device is 2.0-2.7 times as large as that obtained from the previous two-cavity gyroklystron experiment [ 2 ] . cavity, similar to that described above for the Ka-band experiment, was used. The input cavity parameters were determined through theoretical modeling with HFSS, a finite element code that computes field distributions and S-parameters for passive 3D structures. As in the case of the Ka-band buncher cavity, the desired Q values (100- Table 1 . Results from the WGKLl circuit [3] , which was used to benchmark the design tools, and WGIU2 [4] have been previously reported. The WGKL3 circuit was designed to demonstrate high peak output power and efficiency at moderate bandwidths. The efficiency and peak output power as functions of drive frequency for a 56 kV, 4.4 A electron beam are shown in Fig. 2 . In the figure, experimental data points are indicated by the filled circles and the predictions of theory are shown by the solid line.
W-BAND GYRO-AMPLIFIER EXPERIMENTS
The measured results are in good agreement with theoretical predictions. Also shown on Fig. 2 are the resonant frequencies and Q's for each cavity, determined by modeling (cavity 1) and cold test (cavities 2-4). The high efficiency is achieved through the combination of the high Q output cavity and the minimized stagger tuning of the intermediate cavities about the resonant frequency of the output cavity. The five cavity WGKL4 circuit was designed to demonstrate large gain, as well as high power and efficiency. A peak saturated output power of 72 kW was produced for a 54 kV, 5 A electron beam with 1 W drive power, corresponding to 50 dB saturated gain. In the experiment, the drive power was measured at the output of the E10 driver and the losses in the drive line and input cavity were not taken into account.
In the four section WGTWY1 circuit, the output cavity was replaced by a travelling wave section to maximise the bandwidth of the device. Figure 3 shows the measured and theoretically predicted peak output power and efficiency versus drive frequency for a 57 kV, 5 A electron beam. As shown in Fig.2 , the measured FWHM bandwidth was 925 MHz and the peak output power was 50 kW, corresponding to a power-bandwidth product of 46.25 kW-GHz.
This power-bandwidth product represents a significant increase over the powerbandwidth product of the gyroklystron amplifiers (see Table 1 ). The measured data and predictions of non-linear theory are in good agreement. The cavity and output section parameters are also indicated on the plot. The traveling wave output section has a measured Q of 70, which is 15% below the minimum diffractive Q. 
SUMMARY

